INTRODUCTION
Due to the considerable effects of plants medication and their healthcare characteristics, in worldwide the use of medicinal plants and natural antioxidants are increasing continuously (Raut and Karuppayil, 2014) . The important thing in producing these plants is to increase their biomass production without the use of chemical fertilizers. So that the use of microbial species in collaboration with medicinal plants will be effective in improving their quality and performance (Karthikeyan et al., 2008) . Oregano (Origanum vulgare L.) belongs to the Lamiaceae family, which is indigenous to the Mediterranean region. This plant plays the main role among culinary herbs in world trade. Traditionally, leaves and flowers of oregano are used in Lithuania mostly for their beneficial properties to cure cough and sore throats and relieve digestive complaints (Radušienė et al., 2008) . Also, oregano is popular culinary herbal crops that generally used in the agriculture, pharmaceutical and food industry (Aligianis et al., 2001 ).
Fertile soil is the basic resource for higher crop production, which supplies all the essential nutrients to the crop. So maintenance of soil fertility can be a pre-requisite for long-term sustainable crop production (Schroth and Sinclair, 2003) . Rao (2001) believed that long-term use of chemical fertilizers depleting soil organic matter, causing soil degradation and environmental pollution problems. So to avoid the risk of these negative effects of them, it is necessary to use organic or biological fertilizers which provide plant nutrients and also increase the long-term sustainability of agroecosystems (Mehnaz and Lazarovits, 2006) . There is a strong relation between soil organic matter content and fertility, widely and universally accepted (Melero et al., 2007) .
Organic fertilizers are carbon-based compounds that increase the productivity and improve quality of plants (Leu, 2007) . They have different benefits like low priced and eco-friendly inputs that have a great prospect of supplying nutrients which can reduce over-dependence on chemical fertilizer (Bajeli et al., 2016) .
Soil fertilization management and the addition of biochar to soil can be used as one of the appropriate solutions. It is sustainable coal, has high nutrient and carbon-rich (Atkinson et al., 2010) . The results of various studies showed that the use of biochar increases and improves the efficiency of nitrogen fertilizer in different soils and finally, the higher nitrogen uptake in the plant (Ding et al., 2010) . Vermicompost is a kind of organic fertilizer which has a high porosity and a high ability for absorption and protection of mineral nutrients (Marinari et al., 2000) . Sinha et al. (2010) Mentioned that vermicompost is enriched with several beneficial soil microbes and also contains many essential plant nutrients like N, P and K. Also, soil from the plot in which vermicompost was added, showed the highest number of bacterial colonies per gram of soil. Marinari et al. (2000) reported that total porosities were 24% higher in soil treated with vermicompost compared to soil without fertilizer. The major problem with organic fertilizers is that the nutrients supplied through them are not enough to sustain the productivity of high yielding food and other crops. Therefore, the best offer is to manage the crop with a wise combination of the organic and inorganic source of plant nutrients, putting less emphasis on expensive synthetic inorganic fertilizer (Patra et al., 2000) .
One of the biological ways to increase production in agriculture, is the application of useful soil microorganisms which can increase plant growth and yield in different ways, such as plant growth promoting rhizobacteria (PGPR) (Vessey, 2003) . These bacteria are known as «yield promoting bacteria» because they improve increasingly growth and development of plants (Sturz and Christie, 2003) . Among the PGPBs, Pseudomonas putida and Azotobacter chroococcum are the greatest common species, founding in the soil, that fix phosphorus and nitrogen, respectively (Seilsepour et al., 2002; Vessey, 2003) . In last few decades a large array of bacteria including species of Azospirillum, Azotobacter, Pseudomonas, Enterobacter, Arthrobacter, Burkholderia and Bacillus have reported enhancing plant growth Meena et al., 2013; Meena et al., 2014) .
Considering the importance of Origanum vulgare L. and the positive effects of growth stimulator rhizospheric bacteria, the objective of this research, was to investigate the effect of chemical, organic and biological fertilizers and year on some quantitative and qualitative traits of oregano.
MATERIALS AND METHODS

Field study
The experiment was conducted at the experimental farm of the Agricultural and Natural Resources Research Center, West Azerbaijan, Urmia, Iran. That is located at latitude 37
• 44ʼN, longitude 45
• 02ʼE and at an altitude of 1352 m above mean sea level during two successive seasons of 2016-2017 and 2017-2018 . The climate is semi-arid with a mean annual precipitation of 390 mm and an average temperature of 11.3
• C. The soil characteristics from the experimental field, biochar and vermicompost fertilizers are given in Table 1 . The experimental design was a complete randomized block design with three replications. The experimental treatments were NPK (20; 20; 20) , two organic fertilizers (biochar and vermicompost) and two biological fertilizers (nitroxin and bio super phosphate), their all twin combinations and control (non-fertilized). Biochar and vermicompost were prepared at the rates of 10 and 7 t ha -1 , respectively. The NPK fertilizer, in the amount of 15 kg ha -1 , was added to the plots one day before planting and mixed with soil. Nitroxin biological fertilizer was applied according to the manufacturers recommended in second and third irrigation (5 liter In order to prepare biochar fertilizer, the grape pruning waste and stubble were placed in an oven at 250° C for 4 hours under anaerobic conditions. Then the coal was crushed, passed through the sieve in order to have the same particles in the soil (Lehmann, 2007; Kim et al., 2012) .
The seed of oregano were sown in small pots in on March 6, 2016 (9 cm height and 7 cm diameter) under greenhouse conditions. Then ninety-days old seedling were transferred outdoor on June 4 th and they were hand sown in 1.60 × 3 m plots with 40 cm inter-row and 25 cm intra-row spacing in four rows. The first irrigation was implemented immediately after transplanting and two irrigation stages were also done with 3 and 7 day intervals, then irrigation continued every 10 days. During growing season, hand weeding was conducted at five times.
Morphological measurement
Plant height was measured from the soil surface to the tip of the tallest flowering stem at full flowering stage. For each treatment, measurement of fresh and dry matter weights were evaluated by harvest of six randomly selected plants from the center rows of each plot. Plants were harvested at a height of 5 cm above the soil surface and after that plants were dried in an oven at 65° C for 48 h and weighted (dry matter weight). The proportion of leaves, stems and flower were separately determined by weighting of these segments with a digital balance. The fresh and dry herb yield (kg ha -1 ) was determined by harvesting a 1.1 m 2 area from each plot. The collected plants were dried in the shade until it reached a constant weight and were weighted by a digital balance.
Essential oil content and yield
Fresh plants were cut at full flowering stage. From each plot, the sample of the herb was shade dried for two weeks. After grinding the samples of leaf and flowers, 50 g of sample weighted and suspended in 750 mL distilled water. Ground mass was subjected to hydro-distillation using Clevenger's apparatus (Clevenger, 1928) . After 4 h, the essential oils were collected and dehydrated with sodium sulphate (Na2SO4) using the Guenther (1961) method. Then essential oil yield and percentage were measured by using following formula:
EOY is essential oil yield, EO and DW are essential oil and dry herb yield, respectively.
Nutrient concentration in oregano leaves
For nutrients analysis in the oregano herb, the plant samples (leaves) were dried separately in an oven at 65° C for 48 hours and then the dried samples were powdered. Leaf nitrogen percentage was determined by the cadmium reduction method, available phosphorus was determined using the method described by Olsen and Sommers (1982) . Also, potassium concentration of plant samples was measured with flame photometer.
Statistical analysis
Data were statically processed by analysis of variance (ANOVA) with using of SAS (Version 9.1) software, followed by the Duncan's multiple range comparisons test with a significance level of p < 0.05.
RESULTS AND DISCUSSION
Effect of fertilizer treatments on growth characteristics of oregano Plant height and stem/ leaf/ flower dry weight
The results of analysis of variance showed that the interaction of fertilizers application and year was significant on stem/ leaf/ flower dry weight, plant height and biological yield at 1% probability level (Table 2) . Plant growth parameters (stem/ leaf/ flower dry weight, plant height and biological yield), in general, significantly improved with alone and combinations of chemical, organic and biological treated plots compared to control (non-fertilized) ( Table 2 ).
According to the results of mean comparisons, maximum plant height (99.50 cm) was obtained from Nitroxin treatment in the second year followed by NPK + Nitroxin (96.83 cm) and NPK (95.5 cm) compared to Control (non-fertilizer), also there were no significant differences between them (Figure 1 ).
Stem/ leaf/ flower dry weight of oregano were significantly increased with Nitroxin as alone over Control (non-fertilized). According to the results of mean comparisons, the highest stem dry weight was related to Nitroxin (153.35 g/plant) followed by Nitroxin + bio super phosphate (145.13 g/plant) in the second year and the lowest one was obtained from Control (16.86 g/plant) in the first year, also there were no significant differences between Nitroxin and Nitroxin + bio super phosphate in case of stem dry weight (Figure 2 ).
The use of bio-fertilizers increased the leaf dry weight. Therefore the highest leaf dry weight was achieved from Nitroxin (63.51 g/plant) followed by Nitroxin + bio super phosphate (61.61 g/plant) and NPK (60.62 g/plant) in the second year, which was not significantly different between them (Figure 3) .
The results of analysis of variance on flower dry weight showed that the interaction of fertilizer application and year was significant. Based on the results of the mean comparison, the highest amount of flower dry weight was observed in Nitroxin treatment (85.92 g/plant) (Figure 4) . In the first year of experiment, Oregano's growth was low because of oregano is perennial plants and the application of chemical fertilizer increased its growth. But in the second year, due to the development of roots and by increasing the activity of Azotobacter, Azospirillum and Pseudomonas and the transfer of atmospheric nitrogen to the plant through bacterial nitrogen fixation and the high growth-promoting substances produced by rhizobacteria, enhance root development, growth, and dry matter, also subsequently increased the nutrient uptake by the Oregano plants. For this reason, Oregano yield using Nitroxin biological fertilizer was more than chemical fertilizer in the second year. Based on the results, the use of organic fertilizers improve the growth rate in plant due to better availability of water and nutrient uptake that causes growth improvement (Arancon et al., 2004) . The ability of Azotobacter in increasing the solubility of phosphorus from inorganic insoluble compounds has been proven as one of the methods for increasing the mobility and absorption of nutrients. Therefore, Azotobacter can produce a proper rate between nitrogen and phosphorus by producing appropriate hormones or reducing ethylene. It can increase root and plant growth (Copetta et al., 2006) . The results showed that use of bio-fertilizer (Azospirillum and Azotobacter) in Salvia (Salvia officinalis L.) increased the plant height and fresh and dry weight of the plant's aerial parts during the two seasons (Youssef et al., 2004) that our results are in agreement with this study. Similar observations were also obtained by Vittal Navi et al. Also in a study on oregano has shown that biofertilizers containing Azotobacter and Azospirillium can be replaced with nitrogen fertilizer in the cultivation of this plant and while reducing the production costs of fertilizer, it also prevents environmental damage (Fatma et al., 2006) .
Biological yield
Biological yield significantly influenced by interaction of fertilizers and year at 1% probability level (Table 2) . Based on the results of the mean comparison, the biological yield of oregano was significantly enhanced with alone and in combinations of fertilizers over control, but the highest yield was achieved with Nitroxin (30279 kg ha -1 ) followed by Nitroxin + bio super phosphate (28221 kg ha -1 ) in the second year compared to Control (non-fertilizer) ( Figure 5 ). Also there were no significant differences between them. Plant growth-promoting rhizobacteria (PGPR) have the ability to increase seedling emergence, growth, vigour, establishment and therefore yield of various cereals and non-cereals crops (Grichko and Glick, 2001; Gravel et al., 2007) by enhancing the availability of phosphorous (Villegas and Fortin, 2002) and nitrogen (Anjum et al., 2007) to agricultural crops. Moreover, Azospirillum, in addition to nitrogen fixation, has improved root growth by increasing the production of growth stimulants, subsequently increasing the rate of absorption of water and nutrients and thus increase the yield (Tilak et al., 2005) .
In an experiment that was conducted on the application of organic fertilizers in peppermint, the results showed that plant yield in organic farming was about 80% higher than conventional farming (Karla, 2003) . Azzaz et al. (2009) also reported that the application of biological fertilizers increased vegetative growth, yield and essential oil content in Fennel herb. In that case, our results are consistent with this research.
Effect of fertilizer treatments on essential oil content and yield of oregano
Results of analysis of variance showed that the interaction of fertilizers application and year on percentage and yield of essential oil was significant at 1% level of probability (Table 3 ). Mean Comparison showed that an increase of 76.50 % in essential oil content observed in treatment with Nitroxin + bio super phosphate in the second year over Control ( Figure 6 ). As a consequence of higher herbage yield, the essential oil yield was significantly increased by all the treatments as compared to control but the maximum oil yield was achieved in treatment with Nitroxin (851.16 %) ( Figure  7 ).
Integrated application of Plant growth promoter bacteria contain nitrogen fixing bacteria and phosphate solubilizing bacteria through the improvement of essential oil yield components such as herb dry yield and essential oil content caused more essential oil yield. The useful effect of organic fertilizers levels on essential oil percentage may be due to the influence of organic fertilizers on accelerating metabolism reaction as well as stimulating enzymatic systems response for biosynthesis of essential oil content (Khalid and Hossein, 2012) . Based on our results, oregano was not showed highly responsive to different organic and biological fertilizers in case of percentage of essential oil, but organic and biological fertilizers had more significant effect on essential oil yield in the second year, because of oregano is perennial plants, so second year's yield must be higher than that of first year. It has been reported that fennel essential oil yield increased by different organic fertilizers (Kapoor et al., 2004 ) that our results are in agreement with those reported on fennel. Gharib et al. (2008) reported that inoculation of sweet marjoram (Majorana hortensis) plants with each of Azospirillum brasilienses, Azotobacter chrococcum, Bacillus polymyxa and B. circulans increased the essential oil yield and percentage of these species. Essential oil yield of Origanum majorana L. also was significantly increased in biofertilizer treatments relative to noninoculated plants, without alteration of oil composition (Banchio et al., 2008) .
Similar observations were recorded in another trial with medicinal plant such as (Richter et al., 2005) in Marjoram, Thyme and Caraway, (Al-Fraihat et al., 2011) in Majorana hortensis, (Moradi et al., 2011) in Sweet fennel, (Rebey et al., 2012) in Cumin, (Darzi et al., 2012) in Anethum graveolens, (Yadegari et al., 2012) in Thymus vulgaris, (Najatzadeh, 2014) in Basil, (Hassan and Ali, 2014) in Coriander and (Roshanpour et al., 2014) in Basil.
Effect of fertilizer treatments on nutrient concentration of leaves in oregano Percentage of nitrogen, phosphorus and potassium
The results of analysis of variance on phosphorus content showed that the interaction of fertilizers application and year was significant at 1% level of probability. Although, interaction of treatments had no significant effects on nitrogen and potassium content (Table 3 ). An increase of (237.34 %) in phosphorus content was observed in treatment with Bio super phosphate followed by Nitroxin + Bio super phosphate (213.25 %) compared with control ( Figure 8 ). The effect of fertilizers application and year on nitrogen and potassium was significant at 1% level of probability. Results of mean comparisons indicated that the effect of year and applying all of fertilizers increased the amounts of nitrogen and potassium.
Nitrogen content increased by (297.72 %) in Nitroxin over control. Similarly, application of NPK + Vermicompost increased the Nitrogen content by about (294.31 %) as compared to control though no significant difference was observed between them (Table 3) . Similar results in the case of major nutrient content under integrated nutrient management were reported by (Anwar et al., 2005) in French basil. Potassium content significantly increased by (111.60 %) over control in Nitroxin + Bio super phosphate fertilizer compared with other treatments (Table 3) . Also, mean comparison showed that the highest amount of nitrogen (2.53 %) and potassium (1.64 %) was obtained in the second year (Table 3) .
It seems that the plant growth-promoting rhizobacteria (PGPR) have a positive effect on the amount of biomass production and photosynthesis through the high water absorption and the desirable availability of nutrients and improved nitrogen, phosphorus and potassium uptake in the plant. It also improves the physical conditions and vital processes of the soil, while creating an appropriate substrate for root growth, increases growth, accelerates metabolic reactions, increases the synthesis and accumulation of metabolites and ultimately improves the amount of essential oil. Also, organic fertilizers, including vermicompost, provide a desirable environment for replication of bacterial, as a result of these positive effects, it eventually increases nutrients absorption and plant growth (Zaller, 2007; Laboski and Lamb, 2003) . The increase in nutrient uptake may be due to an increase in available N, P and K contents in the soil, and improved soil structure for higher nutrients uptake (Manna et al., 2001 ). Zaidi et al. (2003) reported that in low P soils, the highest plant growth and nutrient uptake in chickpea were obtained after inoculation with tripartite culture of Mesorhizobium, PSB, and G. fasciculatum. Our results are consistent with research of Ordookhani et al. (2010) who revealed that the combined application of PseudomonasAzotobacter-Azosprillum-AMF increased maximum potassium uptake by shoot and nutrient content as compared to the other treatments. Singh et al. (2012) found that Coleus forskohlii plants colonized by both Pseudomonas monteilii and Glomus fasciculatum had higher N, P, and K uptake and greater above-ground biomass. The application of dual inoculation with AM fungi and N-fixing bacteria seems to be the most effective treatment combination to improve plant growth and plant nutrient uptake.
CONCLUSION
The present study clearly showed that the use of chemical fertilizer significantly improved the growth and essential oil yield of oregano in the first year. But in the second year, due to increase in fresh and dry yield of the oregano herb, a rising trend was observed in some traits because Oregano is perennial plant and by increasing the activity of Azotobacter, Azospirillum and Pseudomonas and the transfer of atmospheric nitrogen to the plant through bacterial nitrogen fixation, enhance root development, growth, and dry matter. Also sustain the health of soil that is the prime need for percent and future agriculture practices to maintain the health of the soil, economic and sustainable productivity of the agricultural system. Generally, the use of organic and biofertilizers or integration of them with inorganic fertilizers produced almost similar yield as compared to 100 % chemical fertilizers. It is recommended to replace chemical fertilizers with bio-fertilizers to achieve sustainable agricultural goals. 
